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ABSTRACT 


The infectious bursal disease virus (IBDV) is severe and highly contagious, causing high mortality and 
immunosuppression in chickens worldwide. A new novel variant, IBDV (nVarIBDV), has recently emerged in 
Asian countries, including Malaysia, highlighting the need to develop a new vaccine against this strain due to 
the inadequacy of existing commercial vaccines in protecting chickens from nVarIBDV infection. Therefore, 
the current study aimed to evaluate the efficacy and safety of inactivated nVarIBDV as a potential vaccine 
candidate in broiler chickens. A total of 65 one-day-old Arbo Acres broiler chickens were randomly divided 
into three groups (five animals in each group with four replications) before the challenge, namely A, B, and C. 
Groups A and B were immunized subcutaneously at day old with inactivated nVarIBDV (10’ EIDs,/0.2 ml), 
and Group B was boosted at day 14. Group C was an unimmunized control. The experimental animals were 
divided into three subgroups and were challenged with pathogenic nVarIBDV (105 EID50/1.0ml) on day 28 
post-inoculation through ocular and oral routes. The challenge sub-groups were named ACH, BCH, and CCH, 
respectively. The live body weight, bursa weight, and blood samples of the chickens were recorded. Gross 
lesions were examined, and samples of the bursa of Fabricius were collected from all the groups for 
histological evaluation. All the chickens appeared healthy and normal throughout the trial. Body weight 
increased in all groups without significant differences. The bursa weight and the bursa-to-body weight ratio of 
the booster group (Group B) were significantly higher than the non-booster and control groups. Gross lesions 
were not observed in the investigated groups. The challenged control group had higher bursa lesion scoring 
than the vaccinated groups. The IBDV antibody titer of challenged chickens in ACH, BCH, and CCH groups 
was higher than those of unchallenged groups A, B, and C at 35 days post-inoculation. The IBDV antibody 
titer of challenged chickens in group B was higher than challenged chickens in groups A and C (ACH and 
CCH). In conclusion, the inactivated nVarIBDV demonstrated safety and efficacy, with the booster Group (B) 
showing elevated humoral immune responses compared to the non-booster group. 
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INTRODUCTION 


Infectious bursal disease virus (IBDV) belongs to the 
genus Avibirnavirus and family Birnaviridae, causing a 
severe, highly infectious disease in chickens (Delmas et 
al., 2019). The IBDV is classified into serotypes 1 
(pathogenic in chicken) and 2 (non-pathogenic in 
chicken). Serotype | is made up of very virulent, classical, 
antigenic variants and artificially attenuated subtypes 
(Miller et al., 2003). The IBDV primarily affects young 


chickens, targeting the lymphoid organs, especially the 
bursa of Fabricius where it causes severe atrophy (Miiller 
et al., 2003). However, the severity of the disease differs 
from strain to strain. However, all the strains have a heavy 
economic impact on the poultry industry worldwide. Some 
virus strains are highly virulent and may cause up to 20% 
or more mortality in chickens aged 3 weeks and even 
older, while other strains can cause a severe, prolonged 
immunosuppressive reaction in chickens infected at an 
early age (Eterradosi and Saif, 2013). 
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The IBDV is a non-enveloped virus indicating an 
icosahedral symmetry with a diameter of about 55-65 nm. It 
has a double-stranded RNA genome with two segments A 
and genome B. The IBDV segments encode five viral 
proteins, namely VP1, VP2, VP3, VP4, and VPS (Qin and 
Zheng, 2017). The VP2 and VP3 are the major structural 
proteins of IBDV, identified in  western-blotting 
experiments with convalescent sera as important IBDV- 
derived antigens (Cheggag et al., 2020). In addition to these 
findings, recent advancements in classification methods 
based on VP1 and VP2 characteristics have been proposed 
(Wang et al., 2021). Based on the improved scheme, 
cIBDV, varIBDV, vvIBDV, and aIBDV are classified as 
Genotype A1B1 made up of serotypes A2aB1, A2bB1, and 
A2cB1 and A2B2 made up of A3B2 and A8B1. 

A new variant called novel variant IBDV 
(nVarIBDV) which is genetically different from the earlier 
reported variant IBDV, has been circulating in China since 
2017 (Wang et al., 2021). It was first reported in Malaysia 
in 2019 (Aliyu et al., 2021). Although this variant does not 
immediately result in mortality, it has high morbidity, 
causing severe atrophy of the bursa of Fabricius. This, in 
turn, results in immunosuppression, loss in production 
performance, and subsequently, severe economic losses 
(Fan et al., 2019; Babazadeh and Asasi, 2021). The 
nVarIBDV is classified under Genotype A2dB1 and was 
also reported in Japan (Myint et al., 2021) and South 
Korea (Thai et al., 2021). Recently, it was also described 
that the Chinese nVarIBDV and the early variant IBDV 
originally found in America belong to the same branch of 
variant IBDV although they are still divided to form two 
distinct sub-branches discrete from one another (Aliyu et 
al., 2021). 

Given the adverse economic consequences of 
nVarIBDV on infected chickens, it is important to protect 
chicks against immunosuppression and production loss. 
However, nearly all commercial vaccines currently in use 
target vvIBDV, and do not mount a sufficient immune 
response against nVarIBDV (Wang et al., 2021). Thus, the 
development of vaccines that have the same antigenicity 
as the nVarIBDV circulating in Malaysia is essential for 
the prevention and control of nVarIBDV in the Malaysian 
poultry industry. A viral particle resembling a vaccine 
candidate named SHG19-VLP produced neutralizing 
antibodies, which provided 100% protection against the 
nVarIBDV (Wang et al., 2021). In another instance, an 
attenuated nVarIBDV strain termed Gt was used to 
develop a_ reassortment virus strain rGtVarVP2, which 
when used, completely protected chickens against 
nVarIBDV (Fan et al., 2020a). The aim of this study was 


to inactivate nVarIBDV and use it as a potential vaccine 
candidate to evaluate its safety, efficacy, viral load, and 
viral shedding on broiler chickens after challenge with a 
pathogenic field isolate of nVarIBDV. 


MATERIALS AND METHODS 


Ethical approval 

The guidelines and ethics of the University Putra 
Malaysia (UPM) Institutional Animal Care and Use 
Committee (IACUC) on handling animals for experiments 
approved with reference number UPM/IACUC/ AUP- 
U014/2022 were followed in this study. 


Virus 

A nVarIBDV isolated from a 23-day-old broiler 
chicken from a commercial farm in Selangor, Malaysia, 
named UPM1432/2019 with accession number MT431217 
(Aliyu et al., 2021), obtained from the Institute of 
Bioscience, UPM, and confirmed as a novel variant by 
PCR was used for this experiment. 


Inactivation, preparation, and sterility test 

This process was conducted in a Biosafety level 2 
Virology laboratory in the Faculty of Veterinary Medicine, 
UPM, following standard biosafety and _ biosecurity 
measures for handling viruses (Artika and Ma’roef, 2017). 
In this regard, 6 ml of nVarIBDV was measured into a 
centrifuge tube, and 120 ul of Binary Ethylene Imine 
(BEI, Sigma-Aldrich, St. Louis, MO, USA) was also 
added and incubated at 37°C. The mixture was vortexed 
every 30 minutes for 36 hours, after which 12 ul of 
sodium thiosulfate was added and mixed thoroughly by 
vortexing at 37°C for an hour. The inactivated nVarIBDV 
isolate was then filtered through a 0.22 um syringe filter 
and mixed with Montanide 71 VG adjuvant at a ratio of 
30:70 (inactivated nVArIBDV: Montanide 71 VG) by 
vortexing for 2 hours and stored at 4°C until use as 
vaccines for the study. Safety and sterility test was 
conducted by inoculating 0.1ml of the inactivated 
nVarIBDV with Montanide 71 VG into the specific- 
pathogen-free embryonated chicken egg through the 
chorioallantoic membrane route and incubated at 37°C. 
The eggs were observed for mortality for 7 days (Habib et 
al., 2006). 


Design and study animals 

A total of 65 one-day-old Arbo Acres commercial 
broiler chicks with an average weight of 56.6 + 1.57 were 
randomly divided into three groups (denoted as A, B, and 
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C, with five chicks in each group and four replications. On 
day 28 of the experiment, five chickens from each group were 
selected for the challenge and named ACH, BCH, and CCH 
(Okura et al., 2021). Commercial broiler feed and water were 
provided ad libitum. Light was constantly provided, and the 
temperature was kept at 24°C throughout the trial. When they 
were day old, chickens from Groups A and B were inoculated 
(0.2 ml) with 10’ EID50/0.2 ml of inactivated nVarIBDV via 
the subcutaneous route. Chicks from Group C were not 
inoculated. Five chicks from Group C were sacrificed on the 
day of inoculation by cervical dislocation. At 14 days old, 0.2 
ml of 10’ EID;,/0.2. ml inactivated nVarIBDV were 
inoculated to chickens from Group B through the 
subcutaneous route. On days 14, 28, and 35, five chickens 
from each of Groups A, B, and C were humanely sacrificed 
through cervical dislocation. Throughout the 35-day trial 
period, all chickens were subjected to daily observation for 
clinical signs. When the chickens reached 28 days of age, 
those designated for the challenge in Groups A, B, and C 
were exposed to a pathogenic field strain of nVarIBDV, 
administered at 105 EID 50/1.0 ml through the ocular (0.2 
ml) and oral (0.8 ml) routes (Mutinda et al., 2015). 
Subsequently, the chickens were monitored for 7 days post- 
challenge. In the case of chicken mortality, necropsy 
procedures were conducted, and for those that survived, 
euthanasia and necropsy were performed by a veterinarian. 


Sample collection 

For sampling, each chicken was placed on a digital 
scale, and its weight in grams was recorded. After 
sacrifice, the bursa from each chicken was removed 
aseptically and weighed on a digital scale. Live body 
weight and bursa weights were recorded for each sampled 
chicken. About 5 ml of blood samples were also collected 
for each chicken before sacrifice, and about 1 ml of serum 
was extracted for the detection of IBD antibodies using the 
ELISA technique (Orakpoghenor et al., 2020). Chickens 
(post-mortem) were examined for gross lesions in the 
bursa, spleen, muscles, proventriculus, and thymus, which 
were recorded accordingly for each chicken. Aseptically 
collected samples of the bursa and cloacal swabs were 
stored at -20°C prior to the molecular detection of the 
challenge virus by RT-qPCR technique (Aliyu et al., 
2021). Five bursa samples from each replicate in a group 
on each sampling day were fixed in 10% buffered formalin 
for histological examination and lesion scoring. 


Enzyme-linked immunosorbent assay analysis 
The serum was harvested within 24 hours from each 
sampled chicken, centrifuged at 240 x g for 5 minutes, and 


kept at -20°C prior to use. A serum sample from each 
chicken was analyzed for IBDV antibodies using the 
ELISA technique with a commercial kit (BioCheck IBD 
ELISA, Hounslow, UK) according to the manufacturer’s 
recommendation. The results were read at 405 nm with an 
ELISA reader (Dynatech MR7000, Rauw et al., 2009). 


Copy number of nVarIBD challenge virus in the 
bursa and cloaca of challenged chickens 

Quantitative real-time PCR was conducted targeting 
the VP2 protein of nVarIBDV with samples of bursa and 
cloaca swabs. RNA was extracted and purified using 
Kylt® RNA/DNA purification kit (SAN Group Biotech, 
Germany) according to the manufacturer’s recommended 
procedures. The purified RNA was checked for purity and 
concentration with a spectrophotometer (Eppendorf, 
Germany) at a 260 nm wavelength. The purified RNA was 
used to conduct an RT-qPCR assay with specific 
nVarIBDV primers (F1432 - 
CCAACAAGGGAGTACACCGA = and = R14320 -— 
CCAAATGCTCCTGCAATCTT) and probe (Probe2 — 
AGTACTTCATGGAGGTGGCCGACCTCAA) to 
quantify the viral genome copies in the samples (Aliyu et 
al., 2021). 


Histopathology and lesion scoring 

Bursa of Fabricius samples obtained from each 
chicken were first checked for gross lesions, and a portion 
was fixed in 10% buffered formalin solution for 48 hours 
(Zhao., 2015). After fixing, the bursa was processed into 
transparent glass slides, and the slides were stained using 
hematoxylin and eosin. The slide was allowed to air dry 
before examination under the light microscope (Leica ASP 
300, Germany) for histopathological changes on a scale of 
0 to 5, ranging from normal to severe (Elawad et al., 
2020). 


Statistical analysis 
The data analysis was conducted using Analysis of 
Variance (ANOVA) in SPSS version 28.0 (Chicago, 
USA). To discern differences, the Turkey Honestly 
Significant Difference (HSD) posthoc test was applied at a 
significance level of 5% (p < 0.05). 


RESULTS 


Clinical signs 

The findings indicated no abnormal clinical signs 
and no mortality in any of the chickens in the vaccinated 
groups and the non-vaccinated unchallenged group 
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throughout the 35 days of the trial. However, the non- 
vaccinated challenged group recorded mild depression and 
ruffled feathers 2 days post-challenge but recovered. 


Body weight 

The body weight of chickens in each group 
progressively increased until day 35 and was not 
significantly different across groups. There was no 
significant difference in the body weight of chickens 
between groups at days 14 and 35 post-inoculation (dpi; p 
> 0.05). However, at 28 dpi, the body weight of chickens 
in the non-booster group was significantly higher than 
those of the other groups (p < 0.05). At 35 dpi, 
corresponding to 7 days post-challenge, the challenged 
chickens in Group B had the highest body weight than 
Groups A and C, but they were not statistically significant 
(p > 0.05, Figure 1). The body weight of challenged 
chickens in Group B was significantly higher than their 
non-challenged counterpart (p < 0.05). 


Bursa weight 

No significant difference was observed in the bursa 
weight between different groups on days 14, 28, and 35 
among the non-challenged chickens. However, bursa weight 
of the challenged chickens in Group B was significantly 
higher than the other groups at 35 dpi corresponding to 7- 
day post-challenge (p < 0.05, Figure 2). 


Bursa to body weight ratio 

There was no significant difference in the bursa-to- 
body weight ratio of the chickens among unchallenged 
throughout the trial (p > 0.05). However, the bursa-to- 
body weight ratio of challenged chickens in Group B was 
significantly higher than Groups A and C at day 35 post- 
inoculation or day 7 post-challenge (p < 0.05, Figure 3). 
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Figure 1. Body weight of Arbo Acres chickens inoculated 
with inactivated novel variant infectious bursal disease 
virus at day old for 35 days. CH: Challenged; pi: Post- 
inoculation 
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Figure 2. Bursa weight of Arbo Acres broiler chickens 
inoculated with inactivated novel variant infectious bursal 


disease virus at day old. CH: Challenged; pi: Post- 
inoculation 
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Figure 3. The ratio of bursa to body weight of Arbo Acres 
broiler chickens inoculated with inactivated novel variant 
Infectious Bursal Disease Virus at day old. CH: 
Challenged; pi: Post-inoculation 


Gross lesions 

Incubation time and 14 post-inoculation 

The bursa of day-old chicks was normal, with no 
gross lesions on incubation time and 14 dpi (Figure 4). 

Day 28 post-inoculation 

The bursa of Fabricius from Groups A, B, and C was 
normal, with no gross lesions at 28 dpi (Figure 5). 

Day 35 post-inoculation 

The bursa samples from Groups A, B, and C were 
normal, with no gross lesions at 35 dpi (Figure 6). 

Day 7 post-challenged 

The bursa of Fabricius from Groups A, B, and C 
were normal, with no gross lesions (Figure 7) at day 35 pi 
among the challenged chickens in each group. 
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Figure 4. Normal bursa of Fabricius of Arbo Acres broiler chickens inoculated with inactivated novel variant infectious bursal 
disease virus at day old. Group C (a, 14 dpi), Group A (b, 14 dpi), and Group B (c, 14 dpi). 


Figure 5. Normal bursa of Fabricius of Arbo Acres broiler chickens inoculated with inactivated novel variant infectious bursal 
disease virus at day old observed on 28 dpi. Group A (a), Group B (b), and Group C (c). 
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Figure 6. Normal bursa of Fabricius of Arbo Acres broiler chickens inoculated with inactivated novel variant infectious bursal 
disease virus at day old on 35 dpi. Group A (a), Group B (b), and Group C (c). 


Figure 7. Normal bursa of Fabricius of challenged Arbo Acres broiler chickens inoculated with inactivated novel variant 
infectious bursal disease virus at day old on 35 dpi and 7-day post-challenge. Group A (a), Group B (b), and Group C (c). 
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Histological lesions 

Incubation time and 14 post-inoculation 

Mild degeneration, especially at the medullary 
region of the lymphoid follicles, was observed among the 
non-booster Group A chickens (white arrow). No necrosis 
and heterophils were present (Figure 8a). No histological 
lesions were observed from Groups A and C at 14 dpi 
(Figures 8b and 8c). 

Days 28 and 35 post-inoculation(non-challenged 
chickens) 

No histological lesions were observed for Group B. 
For Groups A (white arrow) and C (black arrow), mild 
degeneration, especially at the medullary region of the 
lymphoid follicles, was observed (Figure 9). 

Day 35 post-inoculation (Challenged chickens) 

For Groups A and B, there were mild degenerations, 
especially in the medullary region of the lymphoid 
follicles (white arrows). However, Group C chickens had 
mild to moderate degeneration, necrosis in the medulla, 


SN 


Fa | | 


and infiltration of inflammatory cells (black arrow, Figure 
10). 

Bursa lesion score 

The bursa lesion score was not significantly different 
throughout the trial for all the groups. The bursa lesion 
score of challenged Group C (CCH) was higher than 
Groups A (ACH) and B (BCH) but not statistically 
significant (p > 0.05, Figure 11). 

Virus loading and shedding (RT-qPCR) 

The virus copies in the bursa and cloacal swab 
samples were higher in challenged chickens in Group C 
compared to those in Groups A and B on 35 dpi or day 7 
post-challenged (Figure 12). 

Infectious bursal disease antibody titer 

The IBD antibody titer of day-old chicks was 3546 + 
555.89 ELISA unit. The antibody titer of Group B was 
significantly higher (p < 0.05) than Groups A and C at 28 
and 35 dpi (Figure 13). 
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Figure 8. Histology of bursa of Fabricius of Arbo Acres broiler chickens inoculated with inactivated novel variant Infectious 
Bursal Disease Virus at day old on the day of inoculation and 14 post-inoculation (a), showing mild degeneration of the 
lymphoid follicles among Group A chickens (white arrow, Lesion scoring of 1); (b) and (c) on day 14 pi, showing normal 


bursa (Lesion scoring of 0). HE, Bar = 100um. 
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Bursal Disease Virus at day old on 28 dpi (CH) and day 35 post-inoculation. a: Mild degeneration (white arrow) Group A 
(Lesion scoring of 1), b: Group B (Lesion scoring of 0), and ec: mild degeneration (white arrow) Group C (Lesion scoring of 


1). HE, Bar = 100um. 
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Figurel0. Histology of bursa of Fabricius Arbo Acres broiler chickens inoculated with inactivated novel variant Infectious 
Bursal Disease Virus at day old on 35 dpi (CH) and day 7 post-challenge. a: Mild degeneration (white arrow), Group A 
(Lesion scoring 1), b: Mild degeneration (white arrow), Group B (Lesion scoring of 1), and ec: Mild to moderate degeneration 
(black arrow), Group C (Lesion scoring of 2). HE, Bar = 100um. 
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Figure 11. Bursa lesion score of Arbo Acres broiler 
chickens inoculated with inactivated novel variant 


infectious bursal disease virus at day old and monitored 
for 35 days . CH: Challenged; pi: Post-inoculation 
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Figure 12. Virus load and shedding of Arbo Acres broiler 
chickens inoculated with inactivated novel variant 
infectious bursal disease virus at day old and challenged 
with the pathotype (35 dpi or day 7 post-challenged). 
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Figure 13. Infectious bursal disease virus antibody titer of 
Arbo Acres broiler chickens inoculated with inactivated 
novel variant Infectious Bursal Disease Virus at day old 
and monitored for 35 days. CH: Challenged; pi: post- 
inoculation 


DISCUSSION 


The novel variant IBDV isolate was_ successfully 
inactivated with binary ethylene imine (BEI), which does 
not interfere with the antigenicity of viruses (Delrue et al., 
2012). Given that Montanide 71VG, employed as the 
adjuvant, has been documented to support the induction of 
long-lasting immunity (Tehrani et al. 2016), it is 
anticipated that the vaccine could be highly immunogenic 
and prove valuable in preventing IBD in chickens. 
Throughout the trial, no abnormal clinical signs were 
observed. The body weight of chickens in all the 
vaccinated groups increased steadily until day 35, 
highlighting the safety of the inactivated nVarIBDV and 
the adjuvant on the broiler chickens. Since chickens 
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infected with the pathogenic nVarIBDV typically 
experience lower body weight (Fan et al., 2019), it is 
evident that the inactivated nVarIBDV did not impede the 
growth performance of the chickens as a pathogenic field 
isolate would have. Among the challenged chickens, 
booster Group B had the highest body weight than the 
other groups. The challenged chickens in the booster 
Group B had significantly higher body weight than their 
corresponding non-challenged chickens. This result 
indicated that the booster dose provided better protection 
for the chickens against challenges by maintaining better 
growth performance among the booster chickens. 

The nVarIBDV causes lesions and severe atrophy in 
the bursa of Fabricius (Fan et al., 2020b; Myint et al., 
2021; Thai et al., 2021). In this study, the bursa weight did 
not exhibit significant differences among all groups, 
except on day 35 among the challenged chickens, where 
the bursal weight of chickens in the booster Group B was 
significantly higher than that of Groups A and C. This 
suggests that the booster dose provided the most effective 
protection to the bursa against the nVarIBDV field isolate. 
The bursa-to-body weight ratio, which is a more accurate 
parameter to determine bursa atrophy caused by 
nVarIBDV was not significantly different for all the 
groups except on day 35 among challenged chickens. The 
bursa-to-body weight ratio challenged chickens in Group 
B was significantly higher than that of chickens in Groups 
A and C. This was similar to the report by Wang et al. 
(2020), in which the bursa-to-body weight index of the 
control chickens was significantly lower than that of the 
trial chickens vaccinated with live nVarIBDV vaccines. 
This shows that the inactivated nVarIBDV_ with 
Montanide 71VG adjuvant has the potential to protect 
chickens against pathogenic nVarIBDV. 

According to a study by Fan et al. (2019), the bursa 
of chickens with nVarIBDV appeared to be atrophied, 
with hemorrhages, and yellowish with inflammatory 
exudation at 3-5 dpi. Similar gross lesions in the bursa of 
24-38-day-old chickens were identified in _ studies 
conducted by Thai et al. (2021) and Myint et al. (2021) 
although congestion of the bursa appeared to be an 
additional finding. In this study, no gross lesions were 
present in the bursa of chickens inoculated with 
inactivated nVarIBDV at inoculation day, 14, 28, and 35 
dpi. This indicates that the inactivated nVarIBDV with 
Montanide 71VG adjuvant does not cause _ gross 
pathological changes in the bursa and can be safely used. 
The bursa of the challenged chickens in all groups also 
showed no gross lesions. The absence of lesions in the 
challenged Group C might be attributed to the duration 


between the challenge virus inoculation and the bursa 
sampling, which may not have been sufficiently long 
enough to enable the obvious manifestation of clinical 
signs or lesions of nVarIBDV in the bursa of Group C 
chickens. 

In the current study, no significant histopathological 
changes were recorded in chickens inoculated with 
inactivated nVarIBDV at 0, 14, 28, and 35 (non- 
challenged) dpi. This finding suggests that the inactivated 
nVarIBDV_ with Montanide 71VG did not cause 
histopathological changes in the bursa of chickens and is, 
therefore, safe to be used. The challenged chickens in 
Groups A and B showed no significant histopathological 
changes in the bursa. This is in line with the findings of 
Wang et al. (2021), where no microscopic lesions were 
observed in the vaccinated groups. However, chickens in 
Group C had mild to moderate degeneration and necrosis 
of lymphoid cells in the bursa follicles. Infiltration of 
inflammatory cells was also observed in the bursa of 
Group C-challenged chickens. Similar changes were 
previously reported (Fan et al., 2020b). Some 
histopathological changes that are typical of nVarIBDV 
include severe follicular lymphoid necrosis and depletion 
and multifocal follicular lymphoid infiltration. There may 
be minimal to no inflammatory response. Additionally, 
there could be reticular and macrophage infiltration in 
lymphoid follicles, cystic cavities in lymphoid follicles, 
proliferation of fibrous tissues, severe follicle atrophy, and 
infolding epithelium into damaged follicles in broilers 
aged 24-38 days infected with nVarIBDV (Fan et al., 
2019; Myint et al., 2021; Thai et al., 2021). The results of 
this study suggest that the inactivated nVarIBDV elicited a 
sufficient humoral immune response, which prevented 
tissue damage in the bursa of the challenged chickens. 

The histological lesions of the bursa were scored to 
provide a better understanding and statistical picture of the 
bursa lesions. The bursa lesion score was not significantly 
different throughout the trial for all groups. However, the 
bursa lesion score of challenged chickens in Group C was 
higher than Groups A and B although these findings were 
not statistically significant. This is consistent with the 
finding that nVarIBDV can cause lesions in the bursa of 
the Fabricus (Fan et al., 2020b). Together with the results 
of the above histological lesions, the current findings 
confirm the efficacy of inactivated nVarIBDV in 
providing an immunoprotective effect on infected 
chickens. 

For both sample types, the virus copies of Group C 
were higher than Groups A and B. Given the lack of 
previous studies pertaining to evaluating virus loading and 
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shedding among inoculated chickens for nVarIBDV, it 
remains unclear to which degree the viral copies are 
attributed to the improved efficacy of the trial vaccine. It 
has been emphasized in previous reports that the 
evaluation of vaccine efficacy should address measuring 
the ability of the vaccine to limit the shedding of the 
pathogenic virus (Miller et al., 2009). This is crucial for 
preventing the dissemination of the virus in the 
environment and breaking the chain of transmission 
(Ugwu et al., 2022). However, the results of the RT-qPCR 
showed clear evidence of the ability of the inactivated 
nVarIBDV to elicit the production of sufficient 
neutralizing antibodies that reduce the viral load in the 
bursa and induced blocking immunity responsible for 
reduced virus shedding among the infected chickens. 

The study showed that the IBDV antibody titer in 
Group B was significantly higher than in Groups A and C 
at 28 and 35 dpi, indicating a booster dose of inactivated 
nVarIBDV may be more desirable in the prevention of 
novel variant IBDV infection in chickens. The role of 
humoral immunity in protecting chickens against IBDV 
has been previously documented (Yang et al., 2020). 
Neutralizing antibodies are of utmost importance in 
preventing and controlling IBDV infection (Van Den 
Berg, 2000). The study revealed a significantly higher 
copy number of nVarIBDV challenge virus in the bursa of 
challenged control chickens than in the vaccinated 
chickens. This suggests that the inactivated nVarIBDV 
with Montanide 71VG induced the production of 
neutralizing antibodies, resulting in the effective clearance 
of the challenge virus from the bursa of vaccinated 
chickens. These findings are promising and position the 
inactivated nVarIBDV as a potential vaccine candidate. 
There is no significant difference in the antibody titer of 
the challenged and  non-challenged groups. Two 
limitations may account for the observed results. Firstly, 
the shortened duration between the inoculation of the 
challenge virus and the sampling may not have allowed 
sufficient time for a robust immune response to develop. 
Ebrahimi et al. (2020) reported that the antibody titer of 
IBDV was higher at day 42 of the age of chickens in their 
trial compared to days 28 and 35. However, the titer 
recorded in this trial was comparable to that noted by 
Habib et al. (2006) in their trial with BElI-inactivated 
IBDV. Secondly, the limited understanding of the true 
pathogenicity and virulence status of nVarIBDV in 
existing studies may influence the extent of the immune 
response. 


CONCLUSION 


In conclusion, nVarIBDV inactivated with BEI and mixed 
with Montanide 71VG adjuvant was safe, immunogenic, 
and efficacious against pathogenic field strains of 
nVarIBDV in Arbo Acres broiler chickens in Malaysia. It 
is, however, recommended that the vaccine should be 
evaluated further with specific pathogen-free chickens to 
avoid maternal antibody interferences and that the duration 
of the trial should be increased especially after the 
challenge to better study the efficacy of inactivated 
nVarIBDV in chickens. 
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